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ABSTRACT

Current estimates indicate that up to 160 short tons (146 Mg) of mercury (Hg) is consumed
by the chlor-alkali industry each year. Very little quantitative information is currently available,
however, on the actual Hg losses from these facilities. The Hg cell building roof vent is considered
to be the most significant potential emission point in chlor-alkali plants, especially when the cells are
opened for maintenance. Because of their potential importance, chlor-alkali plants have been
identified as needing more accurate measurements of Hg emissions. To obtain a better understanding
of the fate of Hg within their manufacturing process, the Olin Corporation voluntarily agreed to
cooperate with the U.S. Environmental Protection Agency in a comprehensive study of the Hg
emissions from their Augusta, GA, facility, in collaboration with other members of the Chlorine

Institute representing the active chlor-alkali plants in the United States.

To investigate the Hg releases from the Olin chlor-alkali facility, the EPA’s National
Risk Management Research Laboratory, Air Pollution Prevention and Control Division
(EPA-APPCD) in Research Triangle Park, NC, organized a special study involving multiple
organizations and personnel. However, only the research conducted by EPA-APPCD involving roof

vent monitoring and air flow studies conducted in the Olin cell building is discussed in this report.

The overall objective of monitoring the cell building roof vent was to determine the total
elemental mercury (Hg") mass flux from the cell building under a range of typical wintertime
meteorological conditions, including both normal operation of the cell building and routine
maintenance of Hg cells and decomposers. Secondary objectives of the research were to perform an
air flow mass balance for the building and to compare various Hg monitoring methods under a
variety of sampling conditions. Both objectives were met during the February 2000 field sampling
campaign, which showed an average Hg" emission rate of 0.36 g/min from the roof ventilator as

determined over the 9-day monitoring period.
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UNIT CONVERSION TABLE

Multiply By To Obtain
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ft 0.3048 m
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pounds 453.6 g
short ton 0.91 metric ton
temperature (°C + 17.8) 1.8 temperature (°F)
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SECTION 1
INTRODUCTION

1.1 Background

Current estimates indicate that up to 160 short tons (146 Mg) of mercury (Hg) is consumed by the
chlor-alkali industry each year (Chlorine Institute, 1999). Very little quantitative information is currently
available, however, on the actual Hg losses from these facilities. The most significant potential emission
point in chlor-alkali plants (CAPs) is thought to be the mercury cell building roof vent, especially when
the cells are opened for maintenance. Because of their potential importance, CAPs have been identified

as needing more accurate measurements of Hg emissions.

In order to better understand the fate of mercury within their manufacturing process, the Olin
Corporation voluntarily agreed to cooperate with the U.S. Environmental Protection Agency (EPA) in a
comprehensive study of the Hg emissions from their Augusta, GA, facility. This effort is in collaboration
with other members of the Chlorine Institute representing the active chlor-alkali plants in the United
States. Chlorine Institute members have committed to reduce overall mercury consumption by 50% (from

1990-95 levels) by the year 2005.

To investigate the Hg releases from the Olin chlor-alkali facility, the U. S. Environmental
Protection Agency’s National Risk Management Research Laboratory, Air Pollution Prevention and
Control Division (EPA-APPCD) in Research Triangle Park, NC, organized a special study involving
multiple organizations and personnel. Each major aspect of the study was addressed by a separate
Principal Investigator (PI) based on the individual area of expertise. It should be noted, however, that

only the research conducted by EPA-APPCD involving roof vent monitoring and air flow studies

conducted in the Olin cell building is discussed in this report. The following sections describe the overall




study conducted at the Augusta plant, the objectives of the specific research described in this report, and

organization of the remainder of the document.

1.2 Overall Program Description

A multidisciplinary research team was assembled for the purpose of the Olin study. This team

was made up of the following organizations and associated principal investigators (PIs):

C Olin Corporation, Olin Chemicals, Charleston, TN (W. Rankin) and Chlor-Alkali
Division, Augusta, GA (S. Asbill).

C U.S. Department of Energy, Oak Ridge National Laboratory (ORNL), Environmental
Sciences Division, Oak Ridge, TN (S. Lindberg).

C U.S. Environmental Protection Agency, Office of Enforcement and Compliance
Assurance (EPA-OECA), Office of Regulatory Enforcement, Washington, DC.
(C. Secrest).

C U.S. Environmental Protection Agency, Office of Research and Development, National

Exposure Research Laboratory (EPA-NERL), Research Triangle Park, NC (M. Landis).

C U.S. Environmental Protection Agency, Office of Research and Development, National
Risk Management Research Laboratory, Air Pollution Prevention and Control Division
(EPA-APPCD), Research Triangle Park, NC (J. Kinsey).

C U.S. Environmental Protection Agency, Office of Research and Development, National
Risk Management Research Laboratory, Land Remediation and Pollution Control
Division (EPA-LRPCD), Cincinnati, OH (P. Randall).

C U.S. Environmental Protection Agency, Region 4 (EPA-Region 4), Science and
Ecosystem Support Division, Atlanta, GA (D. France).

C U.S. Environmental Protection Agency, Region 5 (EPA-Region 5), Great Lakes Program
Office, Chicago, IL (F. Anscombe).

C University of Michigan (UM), Department of Environmental & Industrial Health, School

of Public Health, Ann Arbor, MI (J. Nriagu).

As shown, the research team represents nine different organizations with up to 28 people working
on-site. Figure 1-1 shows the organization of the project, including the various monitoring activities
conducted and PIs responsible for each facet of the program as well as contractor support to EPA-APPCD
from OPSIS®, Inc. and Eastern Research Group (ERG), Inc.
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Roof Vent Monitoring Air Flow Determination (EPA-APPCD) (EPA-NERL, EPA-Region 4
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. PI - John Kinsey (EPA-APPCD)
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° I(-)"’:Q'Fl’asm}%’?OAi (Opsis) . » Tracer Gas Release and Analysis of Cary Secrest (EPA-OECA)
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(EPA-APPCD) o Manual Anemometry (EPA-APPCD) ® Tekran Model 2537A with 1130 and 1135

Speciators (EPA-NERL)

* EPA Denuders (EPA-NERL)

© Open-Path FTIR Spectrometer
(EPA-APPCD)

* UV-DOAS (EPA-Region 4/OECA)

Point Source Measurements (ORNL)

Pl - Steve Lindberg (ORNL)

* Tekran Model 2537A Automated Hg

Analyzer i Flux Measurements (ORNL)
* Jerome Model 431-X electrical

conductivity analyzer and Lumex

Model RA 915 Zeeman Mercury PI - Steve Lindberg (ORNL) Waste Stream and Product
Spectrometer Evaluation (UM,
« Denuder Grab Samples (EPA-NERL) * Tekran Model 2537A with Flux EPA-LRPCD)
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 Liquid Waste Sample Collection/
Analysis

© Solid Waste Sample Collection/
Analysis
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Figure 1-1. Project organization chart (includes contractor support from OPSIS®, Inc., and
Eastern Research Group, Inc.).
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The program was divided into two phases: a preliminary survey, and a winter sampling campaign
conducted in February 2000. A summer campaign was also planned to evaluate the effects of elevated
ambient temperature but this phase was eliminated and thus is not discussed here. Implementation of the
overall program is briefly outlined below with formal publication of the results by the respective Principal

Investigator planned for late-2002.

1.2.1 Preliminary Survey

The purpose of the survey was to obtain preliminary information to assist in planning the second,
and more significant, phase of the program. The survey included measurements of the typical range of
elemental mercury (Hg’) concentrations in the cell building as well as similar measurements external to
the cell building. In addition, flow visualization experiments were also performed and meetings held with

Olin operating personnel to plan the logistics of the winter sampling campaign.

The Hg monitoring methods used in the preliminary survey generally involved portable hand-
held instruments, including both the Jerome Model 431-X electrical conductivity analyzer and the Lumex
Model RA-915 Zeeman Mercury Spectrometer. The Model RA-915 is a portable cold-vapor atomic
absorption (CVAA) spectrometer capable of monitoring Hg’ at nanograms per cubic meter levels. Both
instruments were used to measure and spatially map Hg’ levels in and around the electrolytic cells as well

as upwind and downwind of the cell building.

In addition to point monitoring, profiles of air velocity and Hg” concentration were also obtained
near the entrance to the roof vent. The measurements were conducted by mounting a sampling line and
hot-wire anemometer on a non-conducting mast attached to the upper platform of the movable crane used
for cell maintenance. The sampling line was connected to a Jerome 431-X electrical conductivity

analyzer with the velocity measurements made at selected intervals along the length of the vent.

Finally, since the determination of air flow is critical to study implementation, special flow
visualization equipment was also used as part of the preliminary survey. This equipment included an
infrared camcorder to observe and record thermal plumes from the cell building and a commercial smoke
generator and associated video camcorder for visualizing the overall flow field within the cell room.
Flow visualization answered several important questions regarding the nature of the air flow pattern

inside the building as well as dispersion of the plume after it exits the roof vent.
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1.2.2 Winter Sampling Campaign

The overall objective of the winter sampling campaign was to determine the total Hg release from
the plant using parallel sampling approaches under typical wintertime meteorological conditions. The
activities in the winter campaign included: roof vent monitoring, point source measurements, air flow
studies, flux measurements, upwind/downwind monitoring, and waste and product evaluation. The

locations of the various activities at the Olin plant site are shown in Figure 1-2.

As stated above, the research described in this report includes only the roof vent monitoring and
air flow studies conducted by EPA-APPCD with contractor support from OPSIS®, Inc. and ERG. The

other related activities performed by study collaborators are briefly summarized below.

Point Source Measurements

The objective of the point measurements was to characterize the distribution of airborne Hg" in
the cell room (including the floor below the cells) and around the exterior of the cell building. The
primary instrument used for point monitoring was the Tekran Model 2537A automated Hg analyzer. The
Model 2537A is a cold-vapor atomic fluorescence (CVAF) spectrometer which is equipped with dual
gold traps for preconcentration of the sample prior to analysis. This analyzer was housed in the control
room with samples obtained from a high-flow sampling line which extended to a point near the center of

the roof vent entrance.

In addition to the Tekran monitoring, walking surveys were also conducted using a Jerome
Model 431-X and/or Lumex Model RA-915 instrument. These data were combined with measurements
from a hand-held air anemometer to identify potential hot spots and any ancillary emission points found
in or around the cell building. Manual “denuders” were also employed to determine the concentration of
non-elemental Hg (e.g., divalent Hg compounds) in the cell room. A series of short-duration grab
samples was collected from the crane above the south cell line and analyzed on-site using a Tekran Model
2537A. Preliminary results of these analyses indicate that non-elemental forms of Hg represent < ~ 5% of

the total Hg at the time of sample collection (Landis et al., 2000).
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Flux Measurements

Mercury fluxes from surfaces in and around the cell building (especially the basement floor of the
building) were also determined to assess the role of these surfaces as sources. Flux chambers of various
designs were used over the cell room and ground (basement) floors to determine their source strength and
Hg® emission characteristics. Chambers were also deployed over old waste deposits within the plant

facility and, since solar radiation can strongly influence soil fluxes, operated throughout the diurnal cycle.

Upwind/Downwind Monitoring

Upwind/downwind ambient air monitoring was also conducted as part of the overall program.
The purpose of this monitoring was to estimate the total mass flux of Hg compounds from the entire
facility as a check on the source estimates obtained within the plant, for model validation purposes, and to
collect data which can potentially be compared to similar measurements conducted outside other

facilities.

For the upwind/downwind monitoring, instrumentation was deployed at different locations.
Tekran analyzers were used in two mobile monitoring laboratories located a significant distance upwind
and downwind from the process area (Figure 1-2). (Note that two of the Tekran instruments used in the
mobile laboratories were a Model 1130 analyzer and the prototype Model 1135 capable of measuring gas-
and particle-phase elemental and non-elemental Hg.) In addition, an open-path Fourier Transform
Infrared (FTIR) spectrometer and ultraviolet differential optical absorption spectrometer (UV-DOAS)
were also installed near the cell building in the prevailing downwind direction (Figure 1-2). Using the
various instruments, the concentration of elemental and non-elemental Hg and SF, tracer gas could be
determined in near-real-time. (Note that the open-path monitoring was not successful due to atypical

wind conditions occurring during the limited 9-day study period.)
Waste and Product Evaluation
Sampling and analysis of liquid and solid wastes and selected liquid product streams were also

performed. Wipe samples were also collected from various environmental surfaces including building

walls and exterior cell surfaces. These samples were subsequently analyzed for total Hg, Hg" , and
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dissolved reactive Hg (also referred to as “easily reduced Hg”), as appropriate, using a Tekran analyzer as

the primary measurement tool.

1.3 Research Objectives

The overall objective of the roof vent monitoring described in this report was to determine the
total Hg® mass flux from the cell building under a range of typical wintertime meteorological conditions.
This research was to include both normal operation of the cell building as well as routine maintenance of
Hg cells and decomposers. Secondary objectives of the research were to perform an air flow mass
balance for the building and to compare various Hg monitoring methods under a variety of sampling

conditions. Each of these objectives was met in the study.

1.4 Organization of Report

This report is organized into five additional sections plus references and appendices. Section 2
provides the conclusions and recommendations derived from the study results, and Section 3 describes the
mercury cell process and its operation. Section 4 outlines the experimental procedures used in the
research, and Section 5 presents and discusses the study results. Finally, Section 6 presents the quality

control/quality assurance procedures used in the research to ensure collection of high quality data.



SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

This section provides conclusions drawn from the use of the equipment, methods, and data
analysis procedures described in Section 4 to determine the total Hg release and volumetric air flow from

the Olin chlor-alkali cell building:

C Elemental mercury concentrations measured by the UV-DOAS varied over an order of
magnitude from ~73 to 7.3 -g/m’. The overall average for the 9-day study period was 24
zg Hg"/m’.

C Hg’ emission rates measured in the roof ventilator varied from 0.08 to 1.2 g/min. An

overall average for the monitoring period of 0.36 g/min (472 g/day) was calculated from
the data. These values appear to represent only a small percentage of the total potential
Hg’ emissions, however, based on available estimates of the makeup Hg” added to the
cells on an annual basis.

C A comparison between the concentration of Hg” measured by the UV-DOAS and similar
measurements conducted using a hand-held instrument across the width of the roof vent
showed that the Hg” concentrations were relatively consistent across the vent and
compare reasonably well to the average concentration obtained with the UV-DOAS.

C Comparison of roof vent monitoring data obtained by the UV-DOAS and point
measurements made using a Tekran Model 2537A automated Hg analyzer at the entrance
to the vent exhibited a relatively high degree of scatter with only about 63% of the
variance explained by linear regression. The data do, however, show comparable trends
in Hg’ concentration with time. Scatter in the data is potentially due to a combination of
factors including differences in analysis method, non-representative sampling, and
sampling line losses.

C The SF, tracer gas results obtained using the long-path FTIR in the roof vent were found
to be unusable for the purpose of determining volumetric air flow due to optical
saturation of the detector.

C Results of the 24-hour, time-integrated bag sampling showed SF, tracer gas
concentrations either at or below the instrumental detection limit except for one sampling
period on February 20, 2000.

C The average roof vent air velocity measured by a hand-held anemometer as compared to
that obtained by the optical anemometer showed that the two methods agreed within
=10 %.
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C Very good closure (79 to 100%) was obtained for each of the three air flow balance
calculations performed for the cell building. The three methods also correlate well with
each other, and the high degree of closure of these flow balances lends further credibility
to the air velocity measurements made by the optical anemometer in the roof ventilator.

C No specific pattern could be discerned from daily plots of Hg” emission rates. Various
episodic events were observed during the study where the emission rate rose for a period
of time, then dropped back to some nominal level which could not be correlated to either
process operation or maintenance events using plant records.

C Although the concentration of Hg” was found to be relatively homogeneous across the
lateral dimension of the roof vent, concentrations of Hg” were not consistent along the
length of the ventilator.

On the basis of the results obtained for this study, the following recommendations are applicable:

C This study was conducted at one chlor alkali plant, in a time window of approximately 2
weeks. For more thorough characterization of operations in this industry, extended
monitoring at a single location and/or monitoring at more plants is recommended to
better characterize maintenance events and other operational transients. Better
monitoring of these transients is also needed.

C Roof vent instrumentation may be a useful tool for process monitoring in some facilities
to identify problems in the operation of the cells that may require corrective action. The
long-term suitability of these instruments must be established, however, by additional
on-site evaluations.

C The high electromagnetic field at the facility had an adverse effect upon instrument
operation. For future studies of this type, optical modems and cables should be used to
allow logging of data at a remote location to reduce data loss and make troubleshooting
much easier for the operator.

C The variation in Hg” concentrations along the length of the ventilator vs. the
homogeneous values observed for Hg” across the lateral dimension argue strongly for the
use of spatially integrated measurements rather than point sampling with a manifold
system.

C Roof vent tracer gas data in this study were not usable. Since the use of a tracer is well
accepted for determining flow rates, the possibility of tracer gas analyses for future flow
measurement studies should not be abandoned. Greater care is needed, however, to
verify proper instrument setup and operation.

C The possibility of using different tracer gases has been discussed. Some of these
candidate tracer gases (e.g., carbon tetrafluoride) can be determined using UV-DOAS,
making concurrent sampling and analysis of mercury and tracer gas highly desirable.
Additional research is also recommended to determine the best way to diffuse the tracer
gas into the cell room.
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C Additional measurements of non-elemental (oxidized) forms of Hg should also be
conducted to determine their overall environmental significance.
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SECTION 3
PROCESS DESCRIPTION AND OPERATION

3.1 General Process Description

In Hg cell CAPs, Hg" is used as a flowing cathode in electrolytic cells. The Hg electrolytic cell
consists of an electrolyzer and a decomposer. In the electrolyzer section, a sodium chloride (NaCl) brine
solution flows concurrently with the Hg” cathode. A high current density is applied between the Hg’
cathode and metal anodes. Chlorine gas (Cl,) forms at the anode and a sodium amalgam forms at the Hg’
cathode. The amalgam is separated from the brine in a discharge end-box and then enters the decomposer
section, where deionized water is added. In the decomposer, the amalgam becomes the anode to a short-
circuited graphite cathode resulting in formation of hydrogen (H,) gas and sodium hydroxide (NaOH),
and conversion of the amalgam back to Hg’. The Hg" is then recycled to the inlet end-box, where it
reenters the electrolyzer. Cell surface temperatures of ~ 66 °C (150 °F) and decomposer surface

temperatures of ~ 116 °C (240 °F) are typical at the Olin facility.

The chlor-alkali electrolysis process results in the manufacture of Cl,, H,, and NaOH caustic

solution. Of these three, the primary product is Cl,. The overall process reaction is:

2NaCl + 2H,0 G Cl, + H, + 2NaOH 3-1)

Figure 3-1 is a general diagram of the mercury cell process.

3.2 Plant Operation

The basic process flow diagram for the Olin Corporation’s Augusta, GA, facility is shown in

Figure 3-2. As can be seen, the plant produces NaOH, H,, and Cl, as described above plus HCI and

12



¢Sodium Chioride

'

Storage

¢

Sodium Hydroxide

y

Hydrogen

Figure 3-1. Simplified diagram of the mercury cell process.

'

Compression

Chlorine

Diluted Brine
—  pe! Brine Saturation
¢ Raw Brine
Precipitants
Caustic Precipitation i
Solution P -
¢
Residue
Dechlorination | Filtration
h i
z Hydrochloric Cooling
—
Acid ¢< Hydrochloric Acid
Analyte
E Electrolysis
Chlorine Gas
: Amalgam‘ T
I I Mercury
0 Water Amalgam
| Decomposition
a Caustic
Solution Hydrogen Y
: Cooling Cooling Cooling
U‘ Mercury Removal Mercury Removal Drying

13



‘eISNgny-ui[() 10J WEISBIP MO[J $SA01J °7-€ AN

A@c__ohU\AI pue @mcoﬂo:_omm_v = 1918\
- siopeay [ apixolq Injng
ajinsoipAH wnipos pinbiT
~Wweblewy
wnipos
B pIOY nun u_o,ﬂ -
- ouoIyo0IPAH PHOMPOIRAH IR —- Jossaidwo)
uaboipAH

seo) uaboupAH
~ 8pixoipAH wnIpos %05 siesodwodeq (= 191B

14

-

“webjewy
wnipos
SI9MO | s[18D - 18]Ee N\
aulo|y) uoneIableN seg |Siosseidwod seo bulig | _  SBO OA|01100|T |
~ pmbr . . auloly9 auuolyD  [“Bumoyy| pioy %86 | PUMOIUD|  suuojypy [PPHOIUD wnipos
—Tomod
ou9I3 04

ININWND0A IAIHDOYEY vYd3 SN



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

liquid sodium hydrosulfite. A description of the various buildings and processes at the facility as

provided by Olin can be found in Appendix A.

The Olin facility has a total rated output of 309 Mg/day (340 short tons/day) of Cl,, 348 Mg/day
(383 short tons/day) of NaOH, and 8.2 Mg/day (9 short tons/day) of H, produced by the 60 cells in the
building. According to plant records provided to the research team, the process was operated at a
relatively constant production rate except for a few brief periods when cells were taken off line for

maintenance.

3.3 Cell Building

The cell building at the Olin facility is a single fiberglass and steel structure approximately 62 m
(204 ft) long by 34 m (112 ft) wide which is generally oriented in a east/west direction. The peak of the
building is located approximately 16 m (51 ft) above grade with a single monovent (Figures 3-3a and

3-3b) running its entire length.

The Hg cell building consists of two floors. The ground floor (basement) is used for storage
tanks and various other process equipment and, except for the Reductone® area, is open to the atmosphere
on three sides. The Hg cells and associated decomposers are mounted on a support structure on the cell
room floor which is open to the basement below except for concrete aisles along the edges and through
the center of the cell array. In this configuration, each cell is exposed to ventilation air used for cooling

or worker protection.

The cell building houses the 60 electrolysis cells (Figures 3-4 and 3-5) containing a total
estimated Hg inventory of ~ 169,000 kg (372,000 Ib). In 1997, 7,444 kg (16,411 Ib) of “virgin” makeup
Hg was supplied to the cells (Rosario, 2001). This amount of makeup Hg represents ~5% of the total
quantity used by all plants in the chlor-alkali industry during that year (Rosario, 2001).

The electrolytic cells in the Olin cell building are mounted in two rows of 30 units each which
run east to west (Figure 3-6). The cell rows are separated by a ~ 2.4 m (8 ft) wide aisle running along the
centerline of the building with other, ~ 3.4 m (11 ft) wide aisles located along the perimeter of the cell
rows to allow access for equipment maintenance. The decomposers used for Hg recovery (Figure 3-7) are

located on the end of each cell near either the north or south wall.

15
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Figure 3-4. Electrolyzer used at the Olin-Augusta plant.
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Figure 3-7. Decomposer used at the Olin-Augusta plant.
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The building is ventilated by natural convection with three sides of the basement and cell room
floor (except for the Reductone® area) open to the atmosphere. During colder weather, two large sliding
doors on the west end of the cell room floor can be closed to reduce ventilation. Also, various 1.1 m
(3.7 ft) high panels located on the north and south sides of the building can be either removed or replaced

as ambient conditions dictate.

To further assist with ventilation of the cell room, 13 large axial-blade fans located in and along
the walls can also be operated, as needed, depending on ambient temperature. Each of these fans is rated
at 626 actual m*/min (22,100 actual ft*/min) and is manually activated/deactivated by operating
personnel. A general diagram of the cell building, showing the cell rows and general fan locations, is

shown in Figure 3-8.

In general, the internal temperature of the cell room varies with the ambient outdoor temperature.

The impact of this variation on ventilation rate is discussed in further detail in Section 4.2.3 below.

In the northwest corner of the cell building is the Reductone® process area. This area contains
reactors used for the production of 303,000 L/day (80,000 gal./day) of liquid sodium hydrosulfite which
is operated from a separate control room in that part of the building. Since sodium amalgam from the

electrolytic cells is used in this process, the Reductone® area is also a source of fugitive Hg emissions.

Finally, based on observations made during the study, the Olin chlor-alkali plant appeared to be a
very well operated and maintained facility. General housekeeping of the cell building and adjacent areas
was excellent and the Olin staff were found to be highly motivated to reduce Hg emissions from the
process. Periodic maintenance was also performed throughout the study period as part of the normal
operation of the cell building. In addition, two specific maintenance events expected to generate elevated
Hg levels were monitored: a cell opening and a decomposer “basket” changeout. To facilitate
maintenance, both operations were conducted after the equipment had been taken off-line and allowed to
cool. (Note that cooling of hot process equipment before opening is not only a good maintenance
practice, but also a good engineering practice to minimize release of Hg emissions.) Neither of these
events resulted in abnormally high Hg" concentrations either in the area adjacent to the maintenance

activity or in the roof vent.
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SECTION 4
EXPERIMENTAL PROCEDURES

This section provides detailed information on the field measurements conducted during the period
February 17 to 25, 2000. Both the manual and automated techniques are described along with the

procedures used to reduce and analyze the experimental data.

4.1 Measurement Methods, Setup, and Calibration

A combination of measurement methods was used for data collection at the Olin chlor-alkali
facility. Past studies of this type show that parallel approaches reduce the overall uncertainty of the
estimates and provide useful constraints on measurement accuracy. The methods used were: roof vent

monitoring, tracer gas analyses, and manual velocity measurements. Each is described in detail below.

4.1.1 Roof Vent Monitoring

The basic measurement approach used in this portion of the research was the “roof monitor
method” developed in the late 1970s for fugitive emissions (Cowherd and Kinsey, 1986). In this
particular study, however, long-path instruments were used in lieu of extractive sampling using a
manifold system (EPA, 1984). The use of long-path instruments allows measurements to be made on a
spatially integrated basis, thus eliminating problems with representative sampling typical of point

measurements.

The primary instrumentation used in the roof vent consisted of:

C UV-DOAS for the measurement of Hg” concentration;
C Optical scintillometer (